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IMMUNIZATION  OF  WHITE  MICE  TO  SCTRONELIA  WITH  VACCINE  VIRUS 


Zent.  Bakt,  (C antral  Journal  of  H.  Zeller  and  G,  Beokseh 

Bacteriology)  (Qrig.  195)  PP  283- 
295,  1965 


Abstract 

1.  Immunization  to  inoculated  infectious  ectromelia  can  be  provided 
by  intraporitoncal  or  intr  .venous  administration  of  vacoine  virus  ("Ankara" 
strain)  in  suitable  dilution. 

2.  The  degree  of  lnmmnization  depends  on  the  dose  administered. 

3.  After  peritoneal  injection  of  vaccine  virus,  distinct  immunisation 
can  be  demonstrated  within  three  days  and  immunity  is  established  after  six 
days. 

4.  Five  months  after  a  single  injection  of  vaccine  virus,  mare  than 

5056  of  the  test  animals  still  show  immunity  to  a  massive  injection  of  ectrosmlia 
virus. 


I.  Introduction 

e 

Aa  prophylactic  measure  for  mouse  strains  with  latent  infectious 
ectromelia,  universal  vaccination  with  an  effective  pox  vaccine  has  been  re¬ 
peatedly  suggested  (Ref.  1,  2,  3)«  Earlier  protective  vaccination  of  mice 
against  ectromelia  was  ra.de  primarily  as  in  man  by  intracutaneous  injection 
of  the  vaccine  virus;  for  mice  generally  in  the  area  of  the  base  of  the  tail 
(Ref.  1,  4,  5,  7).  However,  this  method  has  the  disadvantage  in  routine 
vaccination  of  a  large  number  c t  mice  that  it  is  not  possible  to  avoid  external 
contamination  with  the  virulent  pox  vaccine.  Each  individual  vaccination  also 
requires  a  relative  large  amount  of  time  since  at  least  10  to  30  fins  pricks 
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must  be  made  at.  the  base  of  the  tail  (Ref,  1,  7),  The  development  of  a  vac¬ 
cination  pustule  at  the  point  of  scarification  in  all  vaccinated  mice  is 
successful  only  with  the  use  of  adequately  hi virus  concentrations  and  per¬ 
fect  technique.  Even  intrana3al  (Ref,  8)  and/or  intravenous  (Ref,  2)  vacci¬ 
nation  requires  a  relatively  large  expenditure  of  time  in  routine  vaccination 
of  all  mice  received  by  an  institute. 

In  order  to  reduce  this  time,  we  turned  for  practical  considerations 
to  the  intra peritoneal  injection  of  vaccine  virus  already  proposed  by  othor 
authors  (Rof.  1,3)  because  the  method  is  relatively  simple  and  requires  little 
time.  Although  we  could  hardly  expect,  from  the  investigations  of  Ref.  3, 
any  appreciable  propagation  of  the  vaccine  virus  by  this  method  and  accordingly 
also  only  minor  formation  of  antibodies,  we  did  turn  to  this  method  because 
protection  against  eotromelia  infection  was  to  be  expected  also  with  intra- 
peritoneal  injection  of  vaccine  virus  on  the  basis  of  the  findings  obtained 
with  intravenous  injection  by  Ref,  2. 

The  following  discusses  in  detail  the  investigations  for  immunization 
of  white  mice  to  eotromelia  through  intraperl toneal  injootion  of  virulent 
vaccine  virus • 


II,  Material  and  Methods 


1,  Teat  Mice 

For  the  investigations  described  belcw,  we  utilized  mice  of  the  NMSI 
strain  from  the  non-ectromelic  strain  of  the  Federal  Research  Institute  for 
Virus  Diseases  of  Animals  in  Tubingen  (colony  strain), 

2,  Incubation  Eggs 

Incubation  eggs  (white  Leghorn)  of  the  Zimmermann  Farm,  Wiesloch  were 
employed  as  culture  medium  for  vaccine  and  ectromelia  virus  on  the  chorio¬ 
allantois  membrane, 

3,  Vaccine  Virus 

For  iranunization  we  utilized  the  vaccine-virus  strain  10-54  5,Ankara", 
adapted  to  the  chorio-allantois  membrane  (CAM)*  after  the  52nd  passage  which 
was  made  available  by  the  Federal  Research  Institute  for  Virus  Diseases  of 
Animals  in  Tubingen,  The  infected  membranes  wore  stored  in  sterile  glycerine/ 
Ringer  solution  (1:3)  at  -30°  C  until  further  processing  of  the  standard  sus¬ 
pension. 

Evaluation  of  the  intensity  and  extent  of  the  pox  formation  on  the  CAM 
produced  by  the  vaccine  virus  was  made  with  the  symbols  1  t,  2  ♦,  3  t,  4  t 
and  simultaneous  determination  whether  only  the  point  of  application  shored 
ary  pox  formation  or  whether  the  latter  had  become  general  over  the  entire 
membrane. 


Preparation  of  Virus  Vaccine 


A  CAK  with  a  largo  number  of  pox  (3  *  and  4  *  with  generalized  pox 
formation)  was  macerated  under  sterile  conditions  in  the  Ultra-Turrax  after 
washing  3  times  with  buffered  physiological  SGdium-chloride  solution,  drying 
between  sterile  gauze  and  the  addition  of  1  ml  Ringer  solution  per  membrane. 
Subsequently  it  was  further  triturated  in  a  motor-driven  refrigerated  glass 
homogenizer  and  finally  in  a  Ten  Broek  mortar.  The  resulting  suspension  was 
centrifuged  for  15  min  at  3,500  rpm.  The  supernatant  liquid  is  designated  as 
"standard  suspenaion. "  The  latter  was  filled  into  uapouloa  after  having  been 
examined  for  toleration  by  mice  and/or  pox  formation  in  the  egg.  Only  such 
standard  suspensions  were  utilized  with  vhieh  0.2  ml  of  a  dilution  of  1:10,000 
infected  the  CAM  of  10-day  old  chicken  embryos  ao  that  the  membranes  obtained 
had  a  large  number  of  pox  (3  +  to  A*;  generalization).  The  standard  auspen-  * 
sion  in  the  ampoules  retained  its  virulence  for  more  than  2  years  v*ien  stored 
between  -  25  and  -  30°Q. 

The  vaccine  virus  was  piopagated  by  inocula  ting  the  CAM  of  10  day-old 
chicken  embryos  with  0.2  ml  of  a  dilution  of  1:10,000  of  the  standard  suspen¬ 
sion.  Under  sufficient  virulence  of  the  inoculated  virus,  part  of  the  embryos 
died  4  or  5  days  after  infection.  7  days  after  infection,  the  still  living 
embryos  were  procured  and  only  such  membranes  were  stored  for  vaccina  pro¬ 
duction  which  exhibited  a  large  number  of  pax  (3  ♦,  4  •*;  generalisation)  , 


Vaccine  Tolerance  of  Mice 

A  dilution  of  the  standard  suspension  of  1:10  we?  injected  intraperl- 
toneal  at  dosos  of  0.  2,  0.4,  0.8  and  1.6  ml  per  mouse.  The  control  mice  re¬ 
ceived  the  some  doses  of  a  corresponding  centrifuged  product  from  sterile  non- 
inf  acted  membranes  (cf.  Table  1).  The  vaccine  virus  utilised  for  immunisation 
to  eotromelis  consequently  was  non- pathogenic  for  white  alee  even  at  a  dose 
of  1.6  ml  (dilution  10”^)  per  animal. 

Table  1 

Teet  of  Vaccine  Virus  Tolerance  of  White  Klee  Uhtil  28  Days  After 

Injection  _ 


4—  TwuM 

%  Vftocinv- Viru«i  Dcnh> 

ml  8umifiiuipM*./M«tt» 

O—  lot/gr-.*m» 

10 

0,2 

0/10 

10 

0,4 

0/10 

10 

0,8 

0/10 

10 

1,8 

0/10 

Key:  a  -  number  cf  animals;  b  -  dose  in  ml /mouse;  o  -  died/ total 


Demonstration  of  Vaccine  Virus  in  the  Organs  of  Mice 


Vaccine  virus  (dilution  10-1)  was  given  to  U  groups  of  6  mice  each  at 
a  dose  of  0.2  ral/animal  by  intra peritoneal  administration.  Within  1,  3,  5, 
and  7  days  aftor  infection,  all  animals  of  1  group  were  killed  and  the  liver, 
spleen  and  lung  of  all  of  them  was  homogenized  together  in  a  Ten  Broek 
mortar.  After  incubating  the  homogenized  product  for  25  minutes  with  the 
addition  of  100  El  penicillin  and  100  gamma/ml  streptomycin  and  after  control 
of  bacteriological  sterility,  the  product  was  diluted  1:10,  1:100  and  1:1,000 
with  buffered  physiological  sodium-chloride  aolution  end  transferred  in 
amounts  of  0.2  ml  to  the  CAM  of  chicken  embryos  incubated  ior  10  days  (11 
edtryes  p^r  test).  Th*  veeein*  viri*  suspension  for  infection  of  *"e  mice  £  v 

was  employed  as  control.  0.2  ml  of  the  dilution  10“^  and  1C H*  were  placed  y-  -> 

on  the  CAM.  The  infected  embryos  were  observed  for  7  days  after  infection.  '  ■' 
From  the  eabryo*  which  died  and/or  were  killed  after  7  days,  we  obtained  the 
CAM  which  was  examined  for  pax  formation  (cf.  Table  2).  K 


Table  2 


Pox  Formation  on  Chicken  Embryos  after  Application  of  Triturated 
Organs  of  Mice  Inoculated  with  Vaccine  Virus 


Or|ianvvfTCiho«tf«'n 

Vt-hlunf  rift  tier 

OrgntiMt  (0,1 

ml/ Km  »ryo) 

0— 

tot 

dT*i>rk:m  auf 
CAM 

fevromton  x  Tngr  nurli  dor  InfckUon 

n»nh  7  Tg. 

poe  Iftf. 

1  Tfcg  inch  lnfnktion: 

Leb*r  /  M 1 1  *  /  Lu  n  go 

in 

2/It 

*/H 

m  • 

2/11 

0/10 

4/n 

m  • 

n/in 

)Tftgrtiftrh  Infckiiom 

2/10 

talwr/MiU/Lungo 

iti  ‘ 

1/10 

10  • 

i/in 

1/10 

in  » 

0/10 

0/10 

nich  liifoklion: 

in  » 

1/10 

1/10 

in  • 

0/8 

0/0 

i"  • 

0/|0 

o/iu 

7  Ta^r  unrh  1  itf«»k t»*>n: 

M  ilr/l.ungr 

in  » 

11/ in 

0/10 

in-* 

0/ 10 

0/ID 

m  K‘>n|  r  n  1  |rn  : 

**  JSur  i mfifung  :lnr  Mnuao  verwnniirtc* 

10  • 

n/io 

0/ 10 

ID  » 

io/io 

10/10 

aktivrs  Varrmnvtnis 

10  * 

ID/III 

10/10 

Key.  a  -  triturated  organ e  obtained  x  days  after  infection; 

b  -  dilution  cf  suspension  (0.2  jnX/onhryo) ;  o  -  dead/total 
After  7  days;  d  -  pox  on  CAM  positivs/total;  e  -  days  after 
infection:  liver/ spleen/lung;  f  -  controls:  vaccine  virus 
utilised  for  inoculation 


p-m 

P-  H 


o 


r •* 

o 

I  1 

£3 

i r1 


The  vaccine  virus  injected  intra  peritoneal  could  still  be  demonstrated 
in  the  triturated  organs  of  the  infected  animals  1  and  3  days  after  infection 
through  its  formation  of  pax  on  the  CAM.  After  5  days,  isolated  pax  were 
found  only  on  1  mabrsne  after  inoculation  of  the  triturated  organs  and  no 
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further  formation  of  pox  was  observed  after  7  days.  The  vaccine  virus  (0,2 
ml  at  a  dilution  of  10"3  and  10"^)  inoculated  as  control  directly  in  the  CAM 
caused  definite  pox  formation  in  all  embryos  and  death  of  the  embryos  within 
4  to  5  days. 

The  vaccine  virus  utilized  for  iiimunization  against  ectromelia  of  the 
NKRI  mice  (Tubingen)  produo ed  no  perceptible  symptoms  of  the  disease.  The 
vaccine  viruc  injected  intrape ritoneal  ooulri  no  longer  be  demonstrated.  7 
day*  after  infection,  in  an  active  form  in  the  liver,  spleen  and  lung  of  the 
mice  infected  with  it, 

4,  Ectromelia  Virus 

Tiw  ouU\>u«ilia  (E-)  virus  utilized  for  infection  was  cultured  from  the 
liver  Jid  spleen  of  a  commercially  purchased  CrVT  mouse  strain  with  endemic 
ectromelia.  Kice  with  a  clinical  appearance  of  ectromelia  (poor  gene  _ 
health,  ewolling  of  the  head,  conjunctivitis,  ulcerations  of  tail  or  extremities) 
were  dissected.  Obduction  showed  in  almost  all  animals  enlargement  of  the 
liver  with  an  occasional  dirty-gray  discoloration  and  fine  hemorrhages  and/or 
whitish  foci,  enlarged  spleen  with  vhitish  foci,  and  ample  exsudate  in  the 
abdominal  cavity.  Necrotic  foci  in  the  liver  and  oxyphils  occlusion  bodies 
were  demonstrated  histologically. 

liver  and  spleen  with  such  characteristic  changes  were  suspended  in  a 
Ten  Brook  mortar  with  the  addition  of  buffered  physiological  sodium-chloride 
solution  (1  ml  per  liver  and  6pleen  of  1  animal).  After  centrifuging  at  2,000 
rpm  for  10  minutes,  100  gamma  streptomycin  and  100  IE  penicillin  per  ml  were 
added  to  tho  supernatant.  After  exposure  at  37°  C  for  15  minutes,  the  CAM  of 
10-day  chicken  embryos  were  inoculated  with  0.2  ml  each  of  this  suspension 
and  incubated  at  36-37°  C.  After  79  hours,  the  surviving  embryos  were  removed 
from  the  egg  after  cooling,  the  membranes  gathered  and  examined  for  pox.  All 
membranes  had  ample  pox  formation  of  pin-head  size,  occasionally  confluent  to 
the  blood  vessels.  The  typical  central  necrosis  typical  for  vaccine  pox  was 
absent  in  all  of  tho  pox.  Repeated  alternate  possages  between  CAM  and  rvon- 
ectromelic  mice  were  made  with  the  virus  prepared  from  the  diseased  organs 
of  the  CjiN.  Clinical  and  pathological  changes  typical  for  acute  electromelia 
were  found  in  the  mice  infected  intrape  ritoneal  with  the  virus.  The  pox- 
containing  membranes  were  stored  in  glycerine/Ringer  solution  (1:3)  at  -  25  to 
30°  C.  Under  continued  passage  of  the  virus  on  the  CAM  of  10-day  embryo 
chicks  produced  pronounced  pox  formation  (3  ♦  to  4  ♦;  generalization)  on  the 
membranes. 

In  order  to  tost  the  constant  inf  activity  of  the  cultured  E- virus,  the 
standard  suspensions  obtained  after  2,  11,  and  21  egg  passages  and  prepared 
by  the  method  described  for  vaccine  virus,  were  diluted  in  buffered  phyeiologioel 
sodium-chloride  solution  at  powers  of  ten  and  the  dilutions  (10*3  to  10“8) 
were  Injected  in  amounts  of  0.2  al/enimal  intrape  ritoneal  in  noivvaocinated 
mice.  ID jQ  was  determined  as  in  Ref.  6.  In  each  case,  double  determination 
was  made.  Post  observation  time  was  21  days  (of.  Table  3). 
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Table  3 

Determination  of  IDcq  of  E-Virus  Standard  Suspensions  for  Kies 
After  2,  11,  and  21  ligg  Passages  of  the  S-Virus 

1  8t»mm*»»sj>©n*ion  dm*  ^ ),  Vtrvuch  ^3.  Vervuch 

t.  If)-*-*  I0“* 

••II.  Kip^wwa^n  I0‘*  *  IQ’*® 

£•11.  Kip— I0~**4  10  * 


Key i  a  -  standard  suspension  after;  b  -  first  test;  c  -  second 
te«*;  d  -  2  egg  passages;  e  -  11  egg  pasages;  f  -  21  egg 
passages 

ID50  01  the  3  tested  eUndard  suspensions  remained  practically  un¬ 
changed.  The  virulence  of  tie  virus  practically  did  not  change  in  spite  of 
storage  for  13  months  at  -  25  to  30°  C  and  21  egg  passages. 

Pig.  1  shows  the  high  infeotivity  of  the  E-virus  after  intraperltoneal 
infection  in  mioei  _ 


WN 
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Pig.  1  Mortality  Curvo  After  Intraperitoneal  Infection  with  De¬ 
creasing  Dilutions  (10-1  to  10*8)  of  the  Standard  E-Virus 
Suspension;  dose  =  0,2  ml/ animal;  poet  observation  interval  B 
32  daye. 

In  a  dilution  of  10“^-  to  10“6,  0.2  ml  oaused  death  of  all  mice  within 
A  to  9  days.  Infection  vdth  0,2  ml  of  a  dilution  of  10“ 7  was  still  lethal  for 
9  of  10  mice  within  17  days.  The  dilution  of  10”8  killed  only  2  animals. 

The  high  infeotivity  of  the  S- virus  for  hMRI  mica  could  be  demonstrated 
also  with  Intravenous,  subcutaneous,  intraplantar  and  intracerebral  adminis¬ 
tration,  Even  after  oral  administration  (l.O  nl/anita  1  at  a  dilution  of  1Q~1 
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to  10-5),  a  largo  number  of  the  tost  animals  died  but  it  could  not  be  decided 
whether  the  infection  on!  e red  by  way  of  the  gastrointestinal  tract  or  by  con¬ 
tact  and/or  pernasal  through  the  virus  contained  in  feces. 

In  order  to  clarify  the  extent  to  what  extent  transmission  of  the  E- 
virua  by  contact  is  possible.  5  nil  of  an  E-virus  dilution  (10"1)  wore  sprayed 
on  the  litter  (wood  shavings)  in  pots  (dia.  30  cm,  35  cm  high).  IX)  males 
each  were  placed  in  2  pots  and  15  foirale3  in  1  pot.  The  infeoted  wood  shaving! 

were  removed  after  10  days  and  replacod  by  frash  non-infected  littor.  Post 

observation  interval  of  the  animals  was  9  weeks  from  start  of  test,  as 
control,  mice  of  the  same  strain  were  Infected  with  the  aame  virus  used  to 
infect  the  litter  at  a  dose  of  0.2  ml/ animal  of  a  dilution  of  10-5  intra peri¬ 
toneal,  Normal- animal  control  waB  made  with  n on-treated  mice  of  the  earns 
strain  which  wore  kept  ard  ebsorved  in  the  caxne  room  for  the  duration  of  the 
test.  Finally  the  virus  dilution  utilised  to  infect  the  litter  was  inoculated 
on  the  CAM  of  10-day  chicken  embryos. 

Of  the  mice  koDt  on  the  infected  litter,  18  of  th*  20  males  (90$)  and 

6  of  15  females  (AO b)  died  within  32-64  and/or  19-36  daye.  All  of  the  control 

animals  infected  intraperitoneal  with  the  same  vims  suspension  died  within 
12  days  whereas  the  non-treated  controls  survived.  Ihe  CAH  of  10-day  chicken 
embryos  infeoted  at  various  dilutions  with  the  virus  suspension  utilised  for 
infection  of  the  litter,  displayed  well  developed  pox. 

Random  specimens  of  liver  and  spleen  of  different  animals  killed  by 
the  tost  were  triturated  and  suspended,  0.2  ml  of  the  supernatant  left  after 
centrifuging  was  diluted  (10r*3  and  kH*)  anu  inoculated  in  the  CAM  of  10-day 
chicken  embr, us.  All  of  the  CAM  ehowed  pronounced  pox  formation. 

Consequsntly,  the  ectroraolia  virus  Isolated  from  a  CFW  mouse  strain 
with  latent  ectromelia  ia  highly  pathogenic  for  NKRI  mico  (Tubingen).  The 
virulence  of  the  E-virus  adapted  to  CAM  does  not  decrease  after  21  egg  passages 
undor  the  test  conditions  described.  The  E- virus  can  be  transmitted  not  only 
parenteral  (intravenous,  intraperitoneal,  subcutaneous,  intraplantar  and 
intracerebral)  but  also  peroral  and/or  by  contact  or  pernasal. 


III.  Vaccination  Tests 

The  vaccine-virus  suspension  stored  in  ampoules  at  -  25  to  30°  C  was 
freshly  diluted  with  buffered  physiological  soaium-chloride  solution  an  a 
function  of  dose  prior  to  every  Inoculation.  After  addition  of  100  gamma 
streptomycin  and  100  IE  penicillin  per  ml,  the  mixture  was  left  to  stand  at 
37°  C  for  20  minutes  and  subsequently  injected  into  the  mice  intraperitoneal 
at  a  dose  of  0.2  ml/aninal  after  prior  disinfection  of  the  point  of  oatry  with 
iodine-alcohol  solution. 
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it  Test 


Test  Arrangement 

Dilution#  of  IQ--1-,  10“2,  and  10“3  of  tha  vaccino-virua  standard  sus¬ 
pension  were  injected  into  10  no n-sct roadie  mico  per  group  (0.2  ml/aniaftl 
Intravenous  and/or  intraperitoneal).  In  adaptation  of  the  tests  of  Ref.  2, 
a  vaccine  virus  inactivated  by  formaldehyde  was  also  injected  into  10  mico 
each  (0.2  ml/sninal  intravenous  and/or  intraperitoneal). 

The  vaccine  inactivated  with  f omaldehyda  was  prepared  by  triturating 
pox- containing  CAM  (3  ♦  to  4  ♦;  generaliration)  in  a  Ten  Broek  glass  horao- 
goniser  with  the  addition  of  1  ml  per  membrane  of  buffered  physiological 
sodium-chloride  solution  (pH  7,4)  and  the  mixture  centrifuged  at  3>000  rpm 
for  7  minutes.  The  standard  suspension  obtained  was  diluted  with  formal- 
lohyde  solution  so  as  to  produce  a  terminal  formaldehyde  concentration  of  0.2Jf» 
The  mixture  was  left  in  the  vibrator  for  30  minutes  and  subsequently  left  to 
stand  at  25c  C  for  48  hours, 

16  days  after  vaccination  (none  of  the  test  animals  died  during  this 
time),  all  mice  were  infected  with  E- virus  (0.2  ml  diluted  lO*2  intraperi¬ 
toneal)  with  the  inclusion  of  n on-treated  control  animals  aid  normal-animal 
controls.  Poet  observation  time  was  10  wseks  (of.  Table  4). 

Table  4 


Survival  Rate  after  Single  Vaccination  with  Vaccine  Virus  and  Sub¬ 
sequent  Ectronalia  Infection  After  Observation  for  10  Weeks 
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a  -  number  of  animals;  b  -  vaccination  dose  0.2  ml;  c  -  In¬ 
fection  doue  0.2  ml;  d  -  died  x  days  after  infection; 
e  -  doad/total;  f  -  survival  rate;  g  -  live  vaocine; 
h  -  attenuated  vaccine;  i  -  infeotion  controls;  k  -  normal 
anioala 


Intravenous  and  intraperitoneal  administration  of  active  vaccine  virus 
in  a  doss  of  0.2  ml  diluted  at  10”^-  furnished  protection  of  all  mice  against 
a  massive  infection  with  E-virus  (0,2  ml  at  10“2)  made  16  d ty»  later.  0.2  ml 
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of  the  vaccine-virus  dilution  of  10 **2  and  10“3  otlll  protected  some  of  the 
aninuls  against  subsequent  induced  infection  under  the  same  test  oo nditions • 
Prior  treatment  vdth  inactivated  (formaldehyde)  vaccine  virus  furnished  no 
protection  to  induced  intraperitoneal  eotroraelia  infection. 

Second  Tost 


Te*>t  1  was  repeated  with  Iho  same  arrangemont  but  without  the  groups 
p  ret  routed  with  formal  vaccine  and  by  reducing  the  intravenous  dose  to  0,2  All 
of  a  vaccino-virue  dilution  at  10"^.  The  dose  of  ectromlia  infecticn  was 
also  reduced  (0,2  ml  at  10“3,  10“4,  10-5)  (cf.  Table  5), 


If  the  infective  dose  of  E-virus  was  reduced  from  0,2  ml  at  a  dilution 
of  1C“2  (Tost  1)  to  0,2  ml  diluted  at  lCr^  10-4  and/or  10“5,  all  mice  pre¬ 
treated  with  vaccine  virus  at  a  dose  of  ~,2  ml  diluted  at  10- ^  and  10“2  were 
protected  against  the  different  degree  of  the  infective  dose  of  ectromelia. 
The  death  rate  of  the  mice  inoculated  w^th  lowor  doses  of  live  vaccine  (0,2 
ml  diluted  at  10~3  intraperl tonoal)  decreased  as  a  function  of  decreasing 
infective  dose.  The  time  before  death  was  prolonged  not  only  in  the  control 
animals  but  also  in  the  vaccinated  mice  with  decreasing  infective  dose. 


Third  Test 


This  examined  the  point  in  time  at  which  vaccine  protection  to  massive 
induced  intraperitoneal  ectromelia  infection  occurs  in  the  animals  vaccinated 
with  vaccine  virus.  Groups  of  10  mice  each  were  immunized  with  active  vacqine 
virus  at  2  ml  diluted  at  10“ ^  intravenous  and/or  1Q“1,  10~2  and  10-3  intra- 
peri  toneal,  and  were  then  infected  after  3,  6,  9  and  13  days  with  E-virus 
intraperitoneal  (0,2  ml  diluted  at  10~4  and/or  10“5).  poBt  observation  time 
was  4  weeks  after  infoction  (cf.  Table  6). 

In  comparison  to  the  nontreated  controls,  protective  vaccination 
against  intraperi tonoal  e -tromelia  infection  existed  already  after  3  days  in 
part  of  the  mice  treated  with  vaccine  virus  intraperitoneal  and  intravenous 
(undor  intraperitoneal  application  as  a  function  of  vaccination  dose).  If 
intraperitoneal  ectromelia  infection  was  made  6,  9  and  13  aaya  after  protec¬ 
tive  vaccination,  practically  *11  of  the  animal a  pretreated  with  active  virus 
survived  whereas  all  infection  controls  died  within  5  to  9  days. 

Fourth  Test 


In  order  to  obtain  data  or.  the  duration  of  vaccine  protection  which 
had  been  observed  previously  only  up  to  16  days  (Test  1  and  2),  347  mice 
vaccinated  once  (0.2  ml/ animal  of  a  vaccine-virus  dilution  of  10"i  intraperi¬ 
toneal)  were  infected  with  infectious  ectromelia  (0.2  ml/animal  diluted  at 
10“2  intraperitoneal)  21  weeks  after  vaccination  (cf.  Fig.  2). 
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Pig.  2  Mortality  Curve  of  Mice  After  Single  Intrape  rl toneal 

Inoculation  with  Vaccine  Virus  (0,2  ml  diluted  at  10-1) 
and  Intrape ritoneal  Infection  with  B- Virus  (0.2  ml  diluted 
at  10~2)  after  5  Month# 


Key*  a  -  infection;  b  -  %  of  survivors;  o  -  vaccinated 

mice;  d  -  ectromelia  infection;  e  -  infected  controls; 
f  -  ectromelia  infection;  g  -  days 

Among  347  mice  massively  infected  with  E-virus  intraperitoneal  (0.2 
ml  diluted  at  10“2)  5  months  after  single  intraperitoneal  vaccination  (0.2  ml 
of  vaccine-virus  dilution  at  111  (30$)  died  within  7  days  from  acute 

ectromelia.  After  35  days,  another  10  nice  died  so  that  the  total  mortality 
wae  about  35$.  Consequently,  6556  of  the  infocted  animals  vaccinated  once  5 
months  prior  to  Infection  survived  the  massive  intraperitoneal  ectromelia  in¬ 
fection.  All  norv-vaccinated  infected  controls  died  within  4  to  12  days. 

In  grouping  the  individual  findings  of  this  test,  it  was  noted  that 
differences  existed  in  the  death  rate  between  male  and  female  mice  within  the 
test  group  so  that  the  mortality  curves  of  Fig,  2  were  plotted  separately  by 
sex  (cf.  Fig.  3).  The  test  group  of  347  mice  consisted  of  294  females  and 
53  males. 

Whereas  94  (32$)  of  294  female  mice  died  of  ectromelia  after  7  weeks, 
35  (66$)  of  the  male  animals  died  under  the  same  test  conditions.  The  non- 
vaccinated  infected  controls  shewed  no  difference  In  the  death  rate  between 
male  and  female  animals. 


Discussion 

Our  investigations  for  immunising  white  mice  against  ectrooslia  were 
dictated  entirely  by  practical  considerations.  In  order  to  reduce  as  far  as 
possible  the  time  required  for  vaccination,  intraperitoneal  vacoination  was 
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Fig,  3  Mortality  Curves  of  Male  and  Female  Mice  Vaccinated  Once 

Intraperitoneal  with  Vaccine  Virus  (0.2  ml  diluted  at  1D“1) 
and  Infected  Intraperitoneal  with  E-Virus  (0.2  ml  diluted 
at  10”2)  5  Months  Later 

Key:  a  -  %  survivors;  b  -  vaccinated  mice;  o  -  females 
infected  with  ectromelia;  d  -  males  Infected  with 
ectromelia 

selected  although  data  in  literature  available  to  us  (Ref.  1,  3)  indicate  that 
only  minor  antibody  formation  takes  placs  with  this  Banner  of  administration. 
However,  the  present  findings  indicate  that  it  is  possible  to  reliably  pro¬ 
tect  mice  against  even  massive  ectronmlia  infection  by  intraperitoneal  ad¬ 
ministration  of  appropriate  doses  of  the  vaccine  virus.  The  saving  of  time 
with  intraperitonoal  in  comparison  to  intraderra&l,  intranasal,  or  intravenous 
vaccination  makes  an  eventually  higher  dose  of  the  vaccine  virus  for  achieving 
protective  vaccination  immaterial. 

After  intraperitoneal  application,  the  vaccine  virus  is  found  at  most 
after  5  days  in  livor,  spleen  and  lung  of  the  test  animals  which  indicates  that 
only  a  very  minor  or  no  propagation  of  the  vaccine  virus  takes  place  in  these 
organs.  Ref,  3  also  found  only  isolatedly  active  vaccine  virus  6  days  after 
intravenous,  intraperitoneal,  subcutaneous  and  intracutaneous  application  in 
these  organs.  The  lew  capability  of  propagation  of  the  vaccina  virus  in  the 
mouse  organism  also  seems  to  be  the  reason  why  relatively  high  doses  of  active 
vaccine  virus  are  necessary  for  developing  immunity  to  ectromelia.  The  rela¬ 
tively  high  vaccination  dose  utilized  can  very  probably  be  further  reduced, 
however,  since  the  induced  massive  ectromelia  lnfeotlon  does  not  correspond 
to  conditions  in  nature. 

Our  findings  on  start  and  duration  of  inuunity  to  ectromelia  after  in¬ 
traperitoneal  application  of  vaccine  virus  correspond  to  the  findings  of  Ref. 

3  from  serological  examinations.  Not  lass  than  6  day*  After  vaccination. 
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full  immunity  can  be  demonstrated  from  the  present  findings  and,  even  aftor 
20  weeks,  immunity  to  massivo  intraperitoneal  ectror.dia  infection  exists  in 
more  than  of  the  animals.  It  appears  that  female  mice  develop  under  the 
same  conditions  a  higher  immunity  to  ectromelia  than  male  mice. 

The  attempt  of  breeding  SPF  (specific  pathogen-freo)  mice  offers  the 
hope  that  scientific  institutes  and  laboratories  will  have  available  in  future 
norv-octromslic  mice.  However,  as  protection  against  interc>  rent  ectromelia, 
vaccination  of  such  SPF  mice  against  ectromelia  will  still  be  indicated 
particularly  in  tests  which  extend  over  the  entire  life  of  the  mice.  In  the 
present  state  of  development,  we  agree  with  Raf.  1  that  only  general  vaccina¬ 
tion  of  teat  mice  with  vaccine  virus  represents  sffsetive  protection  against 
infectious  ectromelia. 

In  our  opinion,  such  protective  vaccination  can  be  abandoned  only  then 
when  SPF  breeders  can  furnish  non-ectromelic  mice  in  sufficient  numbers  and 
then  when  proper  maintenance  of  such  SPF  mice  becomes  possible  in  the  individual 
laboratories. 

In  the  meantime  there  are  available  our  own  satisfactory  practical 
experiences  with  vaccination  over  an  interval  of  5  years  which  indicate  more¬ 
over  that  even  much  lower  doses  of  vaccination  than  utilised  in  the  present 
testa  are  sufficient  to  continuously  protect  the  stock  of  odes  against 
ectromelia.  Details  on  this  will  bs  published  in  a  future  comwnioatlcn. 
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